Objective: This study aimed to formulate a clinical decision rule (CDR) to identify infants with apparent-life threatening event (ALTE) who are at low risk of adverse outcome and can be discharged home safely from the emergency department (ED).
A pparent life-threatening events (ALTEs) are scary events of sudden onset affecting predominantly young infants. They cause much concern among caregivers as well as medical providers. A National Institutes of Health consensus conference in 1986 defined ALTE as ''an episode that is frightening to the observer and that is characterized by some combination of apnea (central or occasionally obstructive), color change (usually cyanotic or pallid but occasionally erythematous or plethoric), marked change in muscle tone (usually marked limpness), choking, or gagging. In some cases, the observer fears that the infant has died.'' 1 It is a broad definition encompassing a wide range of events. An ALTE is associated with mortality of 0% to 6%. 1 One study suggested that certain high-risk groups (infants who have ALTE during sleep and need resuscitation and have a subsequent similar episode or are siblings of sudden infant death syndrome [SIDS] patients or develop a seizure disorder) may have a mortality rate higher than 25%. 2 Up to 7% of infants who die of SIDS may have a history of ALTE. 3 Infants with ALTE have therefore been considered a high-risk group for significant morbidity and sudden subsequent death, with most reports recommending a mandatory period of inpatient observation.
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Recent studies, however, have found the natural history of ALTE to be more benign. Three recent studies found no death from SIDS on follow-up of their ALTE cohorts. 4, 5, 9 In some cases, ALTE may represent a normal variation that was perceived as life-threatening by a lay observer. The Collaborative Home Infant Monitoring Evaluation study showed that healthy infants can have respiratory pauses as long as 30 seconds and bradycardia for 10 seconds during sleep without coming to any harm. 10 The aim of an emergency department (ED) evaluation is to try to identify infants at risk of significant illness or harm and to make an appropriate disposition. A recent innovation has been to consider the need for significant intervention during the inpatient stay to validate the need for hospitalization. 6, 11 DePiero et al 6 admitted 76% of presenting infants, of whom 7% needed significant intervention. Claudius and Keens admitted 93%, of whom 13.5% needed significant intervention. 11 This implies that a large proportion of infants with ALTE may be safely discharged from the ED as long as the group more likely to need significant intervention can be prospectively identified. Previous studies have identified prematurity, age younger than 30 days or older than 60 days, history of other illness, recurrent ALTE, and abnormal result in the initial examination as its predictors. 5, 6, 11 These studies, however, have limitations including a small cohort size and limited generalizability.
We intend to develop a clinical decision rule (CDR) to identify infants with ALTE who are at low risk of adverse outcome and can be discharged home safely from the ED.
METHODS

Study Design
This is a prospective cohort study.
Setting
This study was conducted at an urban tertiary care children's hospital ED with an annual census of approximately 76,000, for a 20-month period from June 2006 to January 2008.
Selection of Participants
Inclusion Criterion
Infants younger than 12 months who met standard criteria for ALTE as per the National Institutes of Health consensus statement and confirmed by the treating ED attending physician or pediatric emergency medicine fellow were included in the study. 1 
Exclusion Criterion
Infants with a clear evidence of a definite disease entity at the time of ED presentation, such as a febrile seizure or bronchiolitis, were excluded.
Subject Recruitment
Trained research assistants who were present in the ED 16 h/d, 7 d/wk during the study period screened patients with appropriate chief complaints. The treating attending physician enrolled patients who presented during the night hours when research assistants were absent. Once the diagnosis of ALTE was established, informed consent was sought and obtained. The hospital's institutional review board approved the study.
Data Collection
Parents of eligible patients underwent a standardized structured interview whereby sociodemographic and ED presentation variables were collected. The attending physician/fellow who evaluated the infant recorded the ED physical examination results. A review of the medical records of the hospital course, procedures, and final diagnoses was conducted for admitted patients. All patients received a 4-week follow-up telephone interview to ascertain the infant's condition. Research assistants and physicians participating in the study received focused training and orientation for completing the questionnaire only.
Outcome Measures
The primary outcome measures were (1) any significant intervention during hospital admission and (2), for patients discharged home from the ED, recurrence of ALTE leading to repeat visit to the ED or death or any other major event within 72 hours. These 2 measures combined were used as a proxy measure warranting hospital admission, and in the absence of an infant meeting either of these criteria for significant intervention, discharge from ED was considered safe.
Significant intervention during hospitalization was defined a priori to include parenteral antibiotics for documented serious bacterial infection (SBI), supplemental oxygen for hypoxia (SaO 2 G 95%), endotracheal intubation, repeated airway suctioning, intensive care unit (ICU) admission, repeat ALTE needing intervention by a health care provider to terminate it, abnormal pneumogram leading to discharge with an apnea monitor, abnormal electroencephalogram leading to the prescription of an antiepileptic drug, cardiology consultation and echocardiography (ECHO), or other major illness found. 6, 12 Sample Size
To formulate a CDR using logistic regression modeling, there should be at least 5 to 10 patients for every predictive finding in the rule. 13, 14 There is no such requirement for recursive partitioning. We intended to apply both methods in this study. On the basis of an expected 10% rate of significant intervention in this cohort from previous studies, enrolling 300 subjects would yield 30 subjects with adverse outcome and provide a sufficient number of variables to formulate a meaningful CDR.
Data Analysis
The first phase of the analysis summarized all potential predictor variables of ALTE by descriptive statistics. These included basic demographics (eg, age, sex, race) and clinical characteristics (history, findings from examination, laboratory tests). The main outcome variable was the need for a significant intervention.
We next examined bivariate relationships between various predictor variables and the need for a significant intervention. W 2 or Fisher exact test was used on categorical data, and the t test was used for continuous variables to detect any association between the variables and the outcome. Variables found to be associated with the outcome from the mentioned analyses were combined and tested for inclusion in both a logistic regression model and a recursive partitioning analysis. For recursive partitioning (CART PRO 6.0; Salford Systems, San Diego, CA), we used standard Gini splitting rules for tree building and 10-fold cross validation to validate the model. Because CART uses cross validation for validating the decision rule, it obviates the requirement for a new or an independent validation data set. In cross validation, the learning data set was randomly split into 10 subsets. One of the 10 subsets was used for an independent test data set, whereas the other 9 subsets of data set were used for model building. The model building procedure was repeated 10 times using different test data sets each time, that is, the entire tree building and pruning sequence was conducted 10 times. Thus, 10 models were produced. The optimal tree was selected as the final model.
RESULTS
A total of 121,433 patients were seen in the ED during the study period; 25,430 (20.9%) of these were infants. A total of 4856 were screened based on the presenting complaint; we enrolled 300 of the 342 eligible infants (88%) with ALTE. Fourteen refused consent, whereas 28 were missed. The median age of infants in the cohort was 50 days; 33% of the infants were born preterm. We were able to do a 4-week followup for 298 of the 300 infants enrolled in the study. Table 1 shows the characteristics of the cohort, and Table 2 shows the defining features of the ALTE in detail. Table 3 summarizes the final discharge diagnoses in our study. The diagnoses listed were in addition to ALTE. Of the 300 patients, 147 (49%) were diagnosed with gastroesophageal reflux (GER). The next biggest category was infections, which were all viral. Two infants had enteroviral meningitis. Both had history consistent with an ALTE episode at home, appeared ill on presentation, and were admitted to the ICU after sepsis workup in the ED. Ten infants had features of upper airway obstruction, the commonest condition being laryngotracheomalacia. Six infants had an associated, previously known congenital heart disease. In the neurologic category, 1 patient was found to have seizuresVa new diagnosis, whereas another was found to have a subdural hematoma; extensive workup did not lead to a diagnosis of nonaccidental injury. No other patient in the cohort was diagnosed with nonaccidental injury either, giving a rate of 0 per 300 (95% confidence interval [CI], 0Y1.2). Moreover, 107 infants (35.7%) had no other discharge diagnosis apart from ALTE.
Of the 300 infants enrolled, 228 (76%) were admitted to hospital. Of these, 37 met criteria for significant intervention.
None of the 72 infants discharged home from the ED returned to the ED or had a death or other major event during the next 72 hours. The overall rate of significant intervention was thus 37 (12%) of 300. Table 4 shows the significant intervention during hospitalization for the 37 infants. The total is more than 37 because some infants met more than 1 criterion. Of the 15 infants admitted to the ICU, 12 met some other criteria as well. Two infants (both with enteroviral meningitis) needed mechanical ventilation with endotracheal intubation. In the major illness category, 1 infant had severe laryngomalacia on nasolaryngoscopy, whereas the other had tracheomalacia and bronchomalacia and paradoxical vocal cord movement on nasolaryngoscopy and bronchoscopy. No infant was found to have an SBI (bacterial meningitis, bacteremia, or urinary tract infection), giving a rate of 0 per 300 (95% CI, 0Y1.2). No infant died during hospitalization or within 72 hours of discharge.
Bivariate analysis showed that male sex, race, color change to cyanosis, absence of history of choking, absence of history of cough during the previous 24 hours, absence of history of runny nose during the previous 24 hours, premature birth (G37 weeks of gestation), and abnormal result in the examination in the ED as predictors for significant intervention (Table 5) . We combined history of cough or runny nose during the previous 24 hours into 1 variableVURI symptoms during the previous 24 hours. Fourteen infants had missing data for some of the variables, leading to their removal from further analysis. We therefore included 286 infants with complete data for logistic regression, the next step of the analysis. Of the 286 subjects, 35 (12%) met criteria for significant intervention. Logistic regression identified prematurity (odds ratio [OR], 4.5), abnormal result in the physical examination in the ED (OR, 3.4), color change to blue/cyanosis (OR, 3.2), absence of URI symptoms in the previous 24 hours (OR, 2.9), and absence of history of choking during the episode (OR, 2.3) as predictors for significant intervention (Table 6 ). Logistic regression was performed with backward and stepwise selection, both giving similar results. Presence of any of these criteria identified infants needing hospital admission with a high sensitivity of 97.1% (95% CI, 85.5Y99.5) and a negative predictive value (NPV) of 94.1% (95% CI, 73%Y99%) but poor specificity of 6.4% (95% CI, 4%Y10.1%) and positive predictive value of 12.6% (95% CI, 9.2%Y17.1%). The number of infants meeting one of these high-risk criteria was 230, similar to the actual number admitted. Following these criteria, therefore, did not lead to a reduction in the number of infants needing admission. This showed the need for a more robust analysis in the form of recursive partitioning.
These 5 variables were therefore used to create a CDR using recursive partitioning (Fig. 1) . As seen in the CDR (Fig. 1) , Terminal nodes 1, 2, and 5 are classified as ''no significant intervention.'' As per our model, any infant presenting to ED with ALTE who is (1) born at term and whose data set showed similar results with an NPV of 93.05% (95% CI, 88.1%Y96.1%) and a specificity of 69.3% (95% CI, 63.2%Y74.9%).
The CDR wrongly classified 7 of the 184 infants. There were 3 infants in terminal node 1 who needed significant intervention of cardiology evaluation and ECHO (which was normal), abnormal pneumogram and discharge on apnea monitor, and repeat ALTE needing stimulation, respectively; 2 in terminal node 2 warranting significant intervention of ICU admission/abnormal pneumogram and hypoxia/repeat ALTE needing stimulation, respectively; and 2 in terminal node 5 with significant intervention of hypoxia/cardiology evaluation and ECHO and hypoxia/ICU admission, respectively. All of these infants did well during hospitalization and had no significant problem identified at the 4-week follow-up. This is one of the largest prospective studies on infants presenting to ED with ALTE but is limited by the fact that it was performed at a single institution. Our patient capture was less than 100% but was still very good despite the absence of research assistants between midnight and 7 A.M. The medical staff enrolled most of the eligible patients presenting during this period, thus limiting selection bias. We did not assess for interrater reliability of candidate predictors, some of which were subjective. The sample size may not have been large enough to capture the true rate and diversity of the significant intervention in patients with ALTE.
DISCUSSION
We have shown in this study that significant intervention during hospitalization is uncommon in infants presenting with ALTE, questioning the need to admit all such infants. We derived Our center has a diverse population represented in the cohort. The sample was similar to others described previously in race, median age, and sex. 2, 4, 15 Apparent life-threatening events accounted for approximately 1% of ED visits by infants in our study, which is similar to the rate of 0.6% to 1% in previous studies. 4, 5, 16 The proportion of preterm infants (34%) compares with the overall prematurity rate of 12.3% in 2008 in the United States. 17 This is similar to several other studies but in contrast with 2 others where the preterm rate was lower at 6% to 13% (in one of these studies, infants with gestational age G30 weeks were excluded). 6, 9, 11, 18 The discharge diagnoses of our cohort are similar to those found in previous studies. 9, 19 The diagnoses listed were in addition to ALTE. It is important to remember that the presence of a condition capable of causing ALTE does not equal causation in an individual case. In most cases, it may be a comorbid condition. This is particularly true of GER, diagnosed in 50% of our cohort. A study of a cohort of infants with both apnea and GER found that, in the few instances where episodes of apnea were associated with GER, the predominant sequence of events was obstructive or mixed apnea followed by reflux. 20 A review of Table 2 listing the diagnoses in detail shows that most of conditions were benign. Thirty-five percent of the infants had no diagnosis other than ALTE.
The high admission rate of 76% is similar to previous EDbased studies and reflects the recommendation by many authors that all patients with ALTE be admitted to the hospital for a period of inpatient observation. 4Y7,11 The low rate of significant intervention in our study (12% overall and 16% among hospitalized infants) is broadly similar to that of other recent studies. 6, 11 The review of significant interventions received by the cohort again shows the overall benign nature of ALTE. Two infants needed intubation, both of whom appeared ill at presentation and were directly admitted to the ICU. They were diagnosed with enteroviral meningitis. Our preliminary findings regarding the extremely low rate of SBI in infants with ALTE were confirmed in the full cohort. 21 None of the infants were found to have a SBI (bacterial meningitis, bacteremia, or urinary tract infection). No infant died during hospitalization or within 72 hours of discharge.
Prematurity, abnormal physical examination in the ED, color change to cyanosis, absence of URI symptoms, and absence of choking during the episode predicted significant intervention in our study. Prematurity and abnormal results in the examination in the ED have also been found to be risk factors by other authors. 5, 6 Some of the other risk factors associated with serious diagnoses or significant intervention after admission with ALTE in previous studies include age younger than 30 days, age older than 60 days, positive medical history, and recurrent ALTE. 5, 6, 11 These studies, however, have limitations including a small cohort size and limited generalizability. The study by Davies and Gupta 5 was prospective but enrolled only 65 infants. DePiero et al 6 performed a retrospective study involving 150 infants younger than 6 months. Infants with more than 1 event in the previous 24 hours or with unstable vital signs at presentation were excluded. The study by Claudius and Keens 11 was prospective but enrolled only 59 infants. It excluded infants with gestational age younger than 30 weeks and with congenital heart disease. Al-Kindy et al, 16 in a retrospective study, found URI symptoms, premature birth, and postconceptional age less than 43 weeks as predictors of significant apnea, bradycardia, or desaturation episode, picked on a cardiorespiratory monitor during hospitalization, which happened in 7.4% of admissions. 16 Factors not associated with significant intervention in our study as well as other studies quoted above include activity at the time of the event (asleep or awake), need for rescue breathing or CPR, duration of event, and family history of ALTE or SIDS. This is in contrast to some older studies that suggested ALTE during sleep, resuscitation at home, and family history of SIDS as factors indicating a higher risk for subsequent death.
1,2 Use of our CDR would have reduced hospitalization by 40%. The NPV of 96% is reasonably high for determining the option of discharge from ED for well-appearing infants with ALTE considering the increasing recognition of the overall benign nature of the condition.
Only 12% of infants presenting to the ED with ALTE had a significant intervention warranting hospital admission. We created a CDR that would have decreased the admission rate safely by 40%Vfrom 76% (observed) to 36%. It would be useful to validate it through larger multicenter studies before implementation in routine practice.
